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ABSTRACT

In this study, classical Sturm-Liouville problems are investigated within the framework of frac-
tional calculus by employing the M-derivative. To establish a mathematically rigorous and phys-
ically meaningful basis for the analysis, the one-dimensional Schrédinger equation is formulated
as an M-Sturm-Liouville problem. The primary objective of the study is to examine the eigen-
value—eigenfunction relationships arising in M-Sturm-Liouville problems, with particular empha-
sis on the distribution of the zeros of the corresponding eigenfunctions.

One of the main contributions of this work is the interpretation of the zeros of the eigenfunctions as a
nested network structure. Furthermore, two fundamental results of classical Sturm—Liouville theory,
namely the Sturm Oscillation Theorem and the Sturm Comparison Theorem, are extended to the M-
derivative framework. These generalizations provide a theoretical foundation for the investigation
of the oscillatory behavior of solutions and for the comparison of eigenfunctions associated with
different M-Sturm-Liouville problems.

Keywords Fractional - M-Sturm-Liouville problem - Oscillation theorem

References

[1] Abdeljawad, T., Mert, R., Peterson, A. Sturm-Liouville equations in the frame of fractional op-
erators with exponential kernels and their discrete versions. Quaestiones Mathematicae, 42(3),
1-19, 2018.

[2] Bas, E., Acay, B. The direct spectral problem via local derivative including truncated Mittag-
Leffler function. Applied Mathematics and Computation, 367, 124787, 2020.

[3] Levitan, B. M., Sargjan, 1. S. Introduction to Spectral Theory. American Mathematical Society,
1975.

[4] Panakhov, E. S., Ulusoy, I. Asymptotic behavior of eigenvalues of hydrogen atom equation.
Boundary Value Problems, 2015(1), 87, 2015.

[5] Vanterler, J. C., Capelas de Oliveira, E. A new truncated M-fractional derivative unifying some

fractional derivatives with classical properties. International Journal of Analysis and Applica-
tions, 16(1), 83-96, 2017.

*Corresponding Author’s E-mail: musenmerve @ gmail.com



